Abstract -Monokines are glycoproteins, synthesised by macrophages, which exert various effects on the organism. The most important monokines are interleukin (IL)-1α, IL-1β, tumor necrosis factor (TNF)-α and IL-6. This paper reports on immunohistochemical techniques developed for the detection of IL-α, IL-1β, IL-6 and TNF-α in fixed and paraffin-embedded pig tissues (spleen, lymph nodes, thymus, liver and kidney). Different fixatives (buffered formalin, acetic formalin, paraformadehyde-lysine-periodate and Bouin solution), and antigen unmasking techniques (permeabilisation with Tween 20, pronase enzymatic digestion and microwave-citrate buffer) were used. We describe different protocols for detection of monokines using polyclonal antibodies against the studied monokines. No signal was obtained with monoclonal antibodies against pig-TNF-α and human IL-1α. Bouin solution was shown to be the best fixative for immunohistochemical detection of IL-1α, TNF-α, and IL-6, using permeabilisation with Tween 20 as an unmasking antigen method. Acetic formalin was shown to be the best fixative for IL-1β detection, not needing antigen retrieval techniques. Macrophages were identified as the main cytokine-producing cells, although other types of cells also stained positively to some cytokines. These techniques represent valuable tools for studies of the pathogenesis of viral and bacterial diseases, and of the immune system of the pigs.
INTRODUCTION
Immune system cells secrete a surprising variety of proteins that regulate the immune response by intercellular signalling. These regulatory proteins are generally termed cytokines. During recent years, there has been a dramatic increase in our knowledge of cytokines and their role in both animal and human physiology, immunology and pathology [20, 26] .
Macrophages and monocytes are the cell types responsible for most secretion and inflammatory cytokine expression, although these proteins can be secreted by a broad spectrum of cell types [20] . In recent years, monokines, which are cytokines produced by monocyte-macrophages, have been shown to play a major role in numerous bacterial [1, 3, 23] and viral diseases [26] [27] [28] inducing and modulating the production of various clinical signs and lesions. A number of antibodies have therefore been developed for the study of monokines, although these are generally destined for Western blot, blocking or ELISA techniques. Immunohistochemistry and in situ hybridisation techniques will allow pathologists to investigate the spatial relationship between microscopic lesions and cytokine-producing cells. This paper addresses the major monokines in terms of their proinflammatory action: tumor necrosis factor (TNF)-α, interleukin (IL)-1α, IL-1β and IL-6 [19] .
The best known inducer of these cytokines is the Gram-negative bacterial cell-wall lipopolysaccharide (LPS). Certain aspects of cytokine expression have been studied in animal bacterial diseases, but not so hardly in viral diseases [20] , although it has been suggested that cytokines may be involved in the pathogenesis of several viral diseases including the African swine fever [8, 9, 11] , swine influenza [27] , porcine respiratory coronavirus infection [26] , porcine reproductive and respiratory syndrome [26] , caprine arthritis-encephalitis [16] , Ebola and Marburg virus infection [7] , classical swine fever [10] and HIV infection [4] .
Given that the pig is an ideal source for xenotransplantation, the study of the porcine immune system is of particular interest. A considerable genomic and antigenic correlation is reported between human and porcine monokines [24] . Porcine TNF-α, interleukin-1α and interleukin-1β show genomic homologies of 86% [21] 82% [18] and 72% [14] respectively, with the corresponding human sequences. This paper reports on the standardisation of immunohistochemical techniques to detect the expression of various monokines in paraffinembedded swine tissues, using antibodies against human and porcine monokines. formalin, glacial acetic acid, picric acid saturated solution in distilled water) for 18 h. Samples fixed with the Bouin solution were rinsed 7 times in ethanol 50%, 30 min each time, and stored in ethanol 70% until embedding. Samples fixed in PLP were placed in absolute ethanol until embedding. Samples fixed in acetic and buffered formalin were rinsed in distilled water and were routinely embedded along with samples fixed in the Bouin solution and PLP.
The avidin-biotin-peroxidase complex (ABC) technique was used. Tissue sections of about 4 µm width were deparaffinised by 3 steps in xilol, 10 min per step, followed by two steps, 5 min each, in absolute ethanol. Afterwards, they were incubated with 1% hydrogen peroxide in methanol for 45 minutes to block the endogenous peroxidase activity, followed by one step of 5 min, in 96% ethanol, 70% ethanol, distilled water and PBS pH 7.2. Different antigen retrieval or permeabilisation methods were used to test the samples in all different fixations: 0.1% pronase (Sigma Chemical Company, Poole, Dorset, UK) in PBS pH 7.2 (10 min at room temperature); microwave in pH 6.0 citrate buffer (5 min from the beginning of boiling), or 0.01% Tween 20 (Merck & Co, Inc., WhiteHouse Station, NJ, USA) in PBS pH 7.2 (10 min at room temperature). After pretreatment, samples were rinsed three times in PBS pH 7.2 for 10 min each. Tissue sections were covered with 10% normal goat serum (ICN Biomedicals Inc., Aurora, Ohio, USA) in PBS pH 7.2 for 30 min at room temperature, before incubation with the primary antibody for 1 h at 37 ºC. Different commercial antibodies against IL-1α (Anti-human Interleukin-1α Polyclonal  , Endogen, Woburn MA, USA; Monoclonal mouse anti-human IL-1α  , Genzyme Diagnostics, Cambridge MA, USA), IL-1β (AntiHuman Interleukin-1β Polyclonal  , Endogen), TNF-α (Polyclonal rabbit anti-human TNF-α neutralising IP-300  , Genzyme Diagnostics; Anti-pig TNF-α Monoclonal Antibody 4F4  , Endogen) and IL-6 (AntiHuman Interleukin-6 Polyclonal Purified Antibody  , Endogen; Anti-pig Interleukin-6 Purified Polyclonal  , Endogen) were used with different dilutions. The ability of antihuman monokines, antibodies to detect swine monokines was successfully checked by ELISA (unpublished data). Biotinylated goat anti-rabbit secondary antibody (Vectastain ABC Kit Elite  , Vector, Burlingame, CA, USA) diluted 1:200 in PBS pH 7.2 containing 10% normal goat serum was incubated for 30 min at room temperature, for polyclonal primary antibodies. Biotinylated goat anti-mouse secondary antibody (AntiMouse Immunoglobulins Biotin  , Dako, Glostrup, Denmark) diluted 1:20 in PBS pH 7.2 containing 10% normal goat serum was incubated for 30 min at room temperature, for monoclonal primary antibodies. Afterwards, the samples were incubated with the ABC (Vectastain ABC Kit Elite  , Vector) for 1 h at room temperature in the dark. Between each step, the slides were washed 3 times for 10 min each in PBS pH 7.2. The chromogen 0.35g/L 3-3´diaminobenzidine tetrahydrochloride (DAB, Sigma) diluted in pH 7.6 Tris buffer containing 0.1% hydrogen peroxide was applied to the slides for 1 min. Slides were counterstained with the Mayer haematoxylin. In negative controls, the primary specific antibody was replaced by PBS, non immune rabbit serum and non immune mouse serum.
RESULTS
All studied tissues (spleen, lymph nodes, thymus, liver and kidneys) displayed similar behaviour regardless of the fixatives and treatments tested: none of the monoclonal antibodies used elicited positive immunoreactivity in any tissue, whereas all the polyclonal antibodies tested, which included both anti-human monokine and anti-swine monokine antibodies, elicited a positive reaction using various fixatives (Tab. I). No positive reaction was detected in negative controls.
The tissues fixed in the Bouin solution stained positive to all antibodies except interleukin-1β, for which positive immunostaining was obtained only in samples fixed in buffered formalin or acetic formalin. Moreover, although Bouin-fixed samples stained positive to anti-IL-1α, anti-TNFα and anti-IL-6, positive results were obtained in tissues fixed in PLP, but they showed Table I . Treatments and antibodies used for detection of monokines in the spleen, lymph node, kidney, liver and thymus of pigs.
Fixative
IL-1α a TNF-α b IL-1β c hIL-6 d pIL6 e Mab-h Mab-p Antigen retrieval method (1:100) (1:500) (1:100) (1:500) (1:10) IL-1α f TNF-α g Cell counts were made in samples fixed in the Bouin solution and treated with Tween 20 for IL-1α, TNF-α and IL-6, and in samples fixed in acetic formalin with no treatment for IL-1β.The number of positive cells against monokines are expressed as means of the animals of the study (Tab. II).
The major immunoreactive cells were monocyte-macrophages (Fig. 1-4 ) although they were relatively few in number compared with studies of other authors related with different diseases. IL-1α additionally elicited positive staining in neutrophils (Fig. 1) , and IL-1β in fibroblasts. Cytokine expression was fairly uniform in all studied tissues, except in those of one pig which displayed a far greater number of cytokine-expressing cells. Histopathological examination of tissues from this animal revealed lesions consistent with mild bacterial septicemia of undetermined etiology. The results of this animal were therefore excluded from the results.
DISCUSSION
The avidin-biotin-peroxidase complex (ABC) enables signal amplification due to affinity between avidin and biotin and many proteins including enzymes. This technique is therefore highly suitable for both diagnostic and research purposes when the target antigen is scarce or concealed [13] .
In the present study, use of this technique with a variety of treatments and employing both anti-human monokine and anti-porcine monokine antibodies, enabled the detection of inflammatory cytokines in paraffinembedded swine tissues. It is therefore a valuable tool for studying the pathogenesis of swine diseases, particularly given the recent progress in xenotransplantation using swine organs, and the use of swine diseases as models for the study of a number of human and animal diseases.
The anti-human interleukin-1α monoclonal antibody failed to elicit any positive reaction, since this type of antibody is likely to react with a very limited number of monokine epitopes. The cross-reaction between human and porcine monokines is high, but not total [21] , and the results were perhaps unsatisfactory because the epitope(s) reacting with monoclonal antibodies were different in the swine.
The anti-porcine TNF-α monoclonal antibody is reported to be efficient when using ELISA and Western blot techniques [25] , but its use is not recommended for immunohistochemical procedures. Other authors have reported satisfactory results when using this antibody in freeze-fixed tissue samples, in which antigen preservation is far greater than with chemical fixatives [10] . The results using fixed paraffin-embedded sections were unsatisfactory since fixation and subsequent embedding of samples for immunohistochemical examination inevitably entail a reduction in antigen preservation, and subsequent retrieval is often insufficient to allow detection [22] .
The best results in the present study were obtained using Tween 20 as the permeabilising treatment for TNF-α, IL-1α and IL-6. With TNF-α, optimal results were achieved using PLP-and Bouin-fixed samples. PLP-fixed samples required microwave treatment in a citrate buffer solution at pH 6.0 making the technique more laborious, slower and more expensive. For this reason Bouin-fixed samples are preferable.
In the immunohistochemical study, almost only monocytes and macrophages reacted positively. However these cells were relatively scarce. This was probably due to the fact that clinically healthy animals were used. Similar findings have been reported by other authors for a number of species [5, 12] . Positive immunoreactivity to IL-1β was observed not only in monocyte-macrophages but also in other stromal cells including fibroblasts and muscle cells. These cells express various cytokines in normal physiological conditions and display greatly increased production in pathological conditions [2, 17] .
The positive reaction to anti-IL-1α observed systematically in numerous neutrophils may be due to two causes: either production of IL-1α by neutrophils in healthy animals [6] , or a non-specific reaction. The latter appears more likely since the large number of neutrophils staining positive to this cytokine, is felt to be incompatible with a healthy state. Moreover, positive immunoreactivity was quantitatively similar in healthy and sick animals.
Finally, and with regard to positive immunoreactivity against TNF-α in tubular epithelial cells of the kidney, Jevinkar et al. [15] report that these cells express a cytotoxic surface molecule related to TNF-α. The presence of TNF-α in the cell membrane of tubular epithelial cells may enhance local bioactivity by focussing its effect on contacting cells. Increased immunostaining to TNF-α has been observed in swine viral diseases (unpublished data) which substantiates this hypothesis.
